A recent surprise in stellar cluster research, made possible through the precision of Hubble Space Telescope photometry, was that some intermediate age (1 − 2 Gyr) clusters in the Large and Small Magellanic Clouds have main sequence turn-off (MSTO) widths that are significantly broader than would be expected for a simple stellar population (SSP). One interpretation of these extended MSTOs (eMSTOs) is that age spreads of the order of ∼ 500 Myr exist within the clusters, radically redefining our view of stellar clusters, which are traditionally thought of as single age, single metallicity stellar populations. Here we test this interpretation by studying other regions of the CMD that should also be affected by such large age spreads, namely the width of the sub-giant branch (SGB) and the red clump (RC). We study two massive clusters in the LMC that display the eMSTO phenomenon (NGC 1806 & NGC 1846) and show that both have SGB and RC morphologies that are in conflict with expectations if large age spreads exist within the clusters. We conclude that the SGB and RC widths are inconsistent with extended star-formation histories within these clusters, hence age spreads are not likely to be the cause of the eMSTO phenomenon. Our results are in agreement with recent studies that also have cast doubt on whether large age spreads can exist in massive clusters; namely the failure to find age spreads in young massive clusters, a lack of gas/dust detected within massive clusters, and homogeneous abundances within clusters that exhibit the eMSTO phenomenon.
INTRODUCTION
A major open topic in stellar cluster research is whether clusters can host multiple star-formation events or extended star-formation epochs. Young massive clusters (YMCs) have stellar populations that are well reproduced as single burst events, with upper limits on potential age spreads of 1 − 3 Myr (cf. Longmore et al. 2014) . Globular clusters, on the other hand, host chemical abundance anomalies within their stellar populations (e.g., Gratton et al. 2012) , and while age spreads cannot be discerned at these old ages, some scenarios to explain the anomalies invoke multiple star-forming epochs, spanning tens to hundreds of Myr (e.g., D'Ercole et al. 2008; Conroy & Spergel 2011) , although other scenarios have little or no age spreads (e.g., Krause et al. 2013; Bastian et al. 2013b ).
Mackey & Broby Nielsen (2007) constructed a colourmagnitude diagram (CMD) for NGC 1846, an intermediate age (1 − 2 Gyr) massive (∼ 10 5 M⊙) cluster in the LMC, and found that the main sequence turn-off region was not well described by a simple stellar population (SSP), but rather was extended. The authors interpreted this spread as a spread in age of ∼ 300 Myr and postulated that NGC 1846 was the result of a rare cluster merger, where the two clusters had a ∼ 300 Myr age difference. However, subsequent work has shown that the majority of intermediate age (1 − 2 Gyr) clusters in the LMC and SMC display this extended mainsequence turn-off (eMSTO -e.g., Mackey et al. 2008; Milone et al. 2009; Goudfrooij et al. 2011a,b; Keller et al. 2012; Girardi et al. 2013 ), ruling out rare events like unequal age cluster mergers. If interpreted as being caused by age spreads, these results suggest, rather, that star-formation can proceed for 300 − 600 Myr within massive clusters, and that age spreads of this magnitude should be a common feature in massive clusters.
Such age spreads have been searched for in younger massive clusters, where such spreads should be readily apparent. Larsen et al. (2011) studied the resolved CMDs of six massive (10 5 − 10 6 M⊙) clusters in nearby galaxies, and did not find evidence for age spreads of more than 20 − 30 Myr (and being consistent with an SSP in most cases). Bastian & Silva-Villa (2013) looked at the CMDs of NGC 1866 and 1856, two clusters with masses of ∼ 10 5 M⊙, and ages of 180 and 280 Myr, respectively. No age spreads were found, with upper limits of any potential spreads of ∼ 30 Myr. Niederhofer et al. (2015) extended the Bastian & Silva-Villa survey to an additional eight LMC young massive clusters, including NGC 1850, a ∼ 2×10 5 , 100 Myr cluster, and also did not find any evidence for age spreads. It is important to note that the YMCs studied so far have current masses (and escape velocities) well in excess of the intermediate age clusters that show eMSTOs. Hence, unless extreme cluster mass loss is invoked, the YMCs have the same properties (or even higher mass and escape velocities) as the intermediate age clusters that display the eMSTO features did when they were at a similar age. Finally, Bastian et al. (2013a) examined the integrated spectra (or resolved CMDs) of ∼ 130 YMCs with ages between 10 − 1000 Myr and masses of 10 4 − 10 8 M⊙, looking for evidence of ongoing star-formation, and none were found. These studies have called into question the interpretation of the eMSTO feature being due to age spreads.
Since age spreads are not seen in YMCs, alternative explanations for the eMSTO have been put forward. Bastian & de Mink (2009) suggested that stellar rotation may cause the eMSTO feature, as stellar rotation effects the structure of the star and the inclination angle of the star relative to the observer will change the effective temperature, hence observed colour. However, Girardi et al. (2011) calculated isochrones for a modestly rotating star and found that the extended lifetime of the star, due to rotation, may cancel the stellar structure effects, resulting in a non-extended MSTO. Platais et al. (2012) found that in the intermediate age (∼ 1.3 Gyr) Galactic cluster Trumpler 20, that modestly rotating stars were blue shifted from the nominal main sequence, in agreement with the Girardi et al. (2011) predictions, suggesting that stellar rotation may not be the cause of the eMSTO phenomenon. However, no rapid rotating stars were present in the cluster, and further studies are needed to confirm this as a general result. Yang et al. (2013) used the Dartmouth stellar evolutionary code to investigate these contradictory results, and found that the mixing efficiency caused by rotation is a key parameter, and that in fact stellar rotation may cause eMSTOs, depending on the specific choice of the rotational mixing parameter. Milone et al. (2013) found that while the young (∼ 150 Myr) cluster NGC 1844 in the LMC did not have an age spread, its CMD does display features that are not well described by an SSP model, namely a broadened main sequence at similar magnitudes as the eMSTO in the intermediate age clusters. Hence, as CMDs are studied in more detail, new features are still being discovered.
Hence, the cause of the eMSTO is still under debate, with some studies still advocating age spreads as the best explanation (e.g., Correnti et al. 2014) 1 . One way to test the above scenarios is to look for other features in the CMD that may also reflect age spreads. Girardi et al. (2009) introduced the red clump as such a test, showing that the red clump in NGC 419 is more elongated than would be expected in a simple stellar population. Interestingly, Trumpler 20 also displays an extended or "dual red clump" although it does not show any evidence for an age spread within it (Platais et al. 2012) . Li et al. (2014a) found, on the other hand, that the younger eMSTO cluster NGC 1831, has a compact red-clump which is inconsistent with the presence of a significant age spread within the cluster. It is currently unclear what the role of rotation will be on the red clump morphology. Extra-mixing from rotation would likely give larger core masses, which may result in an extended red clump, however this effect may be compensated by a longer main sequence lifetime. Detailed modelling is necessary to address this.
Another feature of the CMD that is sensitive to age spreads is the width of the sub-giant branch (e.g., Marino et al. 2012) . Li et al. (2014b) have shown that the SGB width in NGC 1651, an intermediate age LMC cluster that displays the eMSTO phenomenon, is consistent with a simple stellar population (i.e., with no age spread). The authors place an upper limit of 80 Myr on any age spread within the cluster, significantly less than the age spread of 450 Myr inferred from the eMSTO. While the SGB width does suffer from lower numbers of stars than the MSTO or red clump regions of the CMDs, a number of clusters contain enough stars to place strict limits on any age spreads present within the cluster.
Here we use the same technique as Li et al. (2014b) , studying the width of the SGB in two intermediate age LMC clusters that display the eMSTO phenomenon, namely, NGC 1806 & NGC 1846. In § 2 we present the observations, while in § 3 we analyse the CMDs of the two clusters, testing the hypothesis of significant age spreads within the clusters. Finally, in § 4 we discuss our results and present our conclusions.
OBSERVATIONS AND MODELS
For the present work we use optical Hubble Space Telescope (HST) imaging taken with the Advanced Camera for Surveys (ACS) Wide Field Camera (WFC) from programmes GO-9891 (PI Gilmore) and GO-10595 (PI Goudfrooij). The observations, reduction, and photometry are all described in detail in Milone et al. (2009) . We use the field-star subtracted (based on a suitable nearby reference field) catalogues for our analysis, and refer the interested reader to Milone et al. (2009) for details on this process. We have corrected the observed photometry for extinction, using values of AV = 0.05 and 0.08 and distance moduli of 18.5 and 18.42 for NGC 1806 and 1846 (Goudfrooij et al. 2011b) , respectively. The values were taken from Goudfrooij et al. (2011b) , although independent analysis using the present datasets found good agreement.
For our analysis we adopt the stellar isochrones of Marigo et al. (2008) , with Z=0.008 and Y=0.25. However, we note that the conclusions of this paper are unchanged if we would have adopted the BaSTI (Pietrinferni et al. 2004) or the Dartmouth (Dotter et al. 2008 ) isochrones with similar parameters. While the absolute ages of the clusters do depend on the model adopted, the relations between the MSTO, SGB and RC positions remain unchanged, i.e. if an age spread is present it will show up in the same way in each of the different portions of the CMD.
RESULTS

NGC 1806
Fig . 1 shows the CMD of NGC 1806, centred on the MSTO, SGB, and red clump portions of the distribution. (Blue) lines show isochrones of age 1.41 (top), 1.58 (middle) and 1.86 Gyr (bottom), i.e. the range required to explain the observed spread in the MSTO region. Some of the spread observed in the MSTO region is due to binaries and photometric errors, hence the isochrones used to bracket the eMSTO are upper limits to any actual spread within the clusters. It should be noted that different authors have derived somewhat conflicting age spreads, with Goudfrooij et al. (2011b) suggesting age spreads of ∼ 500 Myr for NGC 1806 and Milone et al. (2009) suggesting a lower value of ∼ 200 Myr. We identify candidate SGB branch stars between 1.0 F 435W − F 814W 1.6 as (red) diamonds. As can already be seen from the figure, the SGB stars cluster around the youngest isochrone needed to explain the eMSTO feature, and do not span the full range expected if large age spreads were present in the cluster.
Photometric Errors
The average photometric errors were derived from the observed main sequence distribution below the MSTO. To do this we "verticalised" the main sequence between 21 mF435W 23.5. We then made histograms of the stars in (F 435W − F 814W ) vertical in 0.25 magnitude bins, and fit gaussians to the distribution. While there was clearly a tail of stars to the red (due to binaries) the core of each distribution was well described by a gaussian with dispersion of 0.028 mag. We took this to be the typical error in colour and correspondingly an error of 0.02 mag in brightness.
Inferred Age Spreads from the MSTO and Synthetic Cluster CMDs
We begin by estimating the age spread present as inferred by the extended MSTO. To do this, we take a slice through the data (shown as the solid red box in Fig. 1) , and find the best fitting isochrone for each observed star. This is similar to what was done in Goudfrooij et al. (2011b; , although we note that we have not attempted to include the effects of binaries in this simple calculation. The resulting age distribution is shown in Fig. 2 . We then fit a gaussian to the distribution (shown as a blue dash-dotted line) to the data, and the best fit parameters are given in the panel. We will use this age distribution in constructing synthetic CMDs to test if other regions of the CMD are consistent with the estimated SFH. We then generated two synthetic cluster CMDs. The first is the expected distribution if the eMSTO was due to an age spread (i.e. adopting the age spread in Fig. 2) . The second was under the assumption of a single age population (i.e., an SSP) with an age of 1.44 Gyr. Synthetic stellar populations were then made adopting a Salpeter (1955) stellar IMF and the Marigo et al. (2008) isochrones, applying representative errors taken from the observations. Stars along the same colour/magnitude region used to define the SGB and the RC in the observations were selected and analysed in the same way as the observations.
In Appendix A we test all the used techniques against synthetic clusters with known (input) age spreads. Additionally, we test our relatively simplistic age spread estimate based on the cut across the eMSTO (note that this is the same technique adopted by Goudfrooij et al. (2011b; ) against a full SFH based on the STARFISH package.
The morphology of the Sub-Giant Branch (SGB)
For the SGB, we can quantify the offset between the observed distribution and that expected from a population with an extended SFH or a single burst. This is done by measuring the magnitude offset of each observed star (or a star from our synthetic CMD) identified as being part of the SGB from a nominal isochrone.
We adopt an isochrone at 1.44 Gyr, as this best describes the observed SGB in this cluster, and looked at the difference between each observed SGB star and the nominal isochrone. The results are shown in Fig. 3 . We also show the expected magnitude difference between other isochrones and the nominal isochrone as vertical dashed lines (labelled in the panel).
As can be seen in Fig. 3 , the extended SFH simulation (the average of 1,000 monte carlo realisations) fails to reproduce both the peak of the observed distribution as well as the width. The expected and observed peaks in the distribution are offset by ∼ 0.2 mag. The SSP simulation well describes the width of the core of the observed histogram, but the observations display extended tails on both sides, suggesting that photometric errors alone cannot explain the full distribution. However, we note that the observed spread in the distribution (corrected for photometric uncertainties) is an upper limit to the actual spread, as we have not corrected for the effects of differential extinction, nor binarity, in our sample. Additionally, if stellar rotation is affecting the MSTO then we may expect to see some influence on the SGB, which causes some spread in the observed SGB stars (e.g., Girardi et al. 2011) .
Finally, we note that the base of the red-giant branch also appears narrower than would be expected if large age spreads were present. Again, the stars cluster along the youngest isochrone that fits the MSTO region.
Red Clump Position
In Fig. 4 we show a zoom in of the CMD of NGC 1806 centred on the base of the red giant branch and the red clump (RC). Additionally, we show four isochrones with ages between 1.31 and 1.77 Gyr. As was the case for the SGB, we note that the position of the observed stars do not conform to the expectations if there was a significant age spread present within the cluster. While a significant spread in colour is expected, there is little spread in observations.
We quantify this in a similar way as was done for the SGB. We simply assign an age to each of the observed (and synthetic) stars based on the closest isochrone. The results are shown in Fig. 5 . Note that the RC width is consistent with the expectations of an SSP, while an extended SFH results in a distribution that is clearly at odds with the observations. The reason why this "pseudo-age distribution" is not symmetric (the input age distribution is) is that the isochrones bunch up at older ages at the RC, so small photometric errors may lead to large age differences.
The Effects of Binarity
We have explored the effect of binaries on the SGB morphology, by creating CMDs of synthetic clusters with and without binaries. For the binary populations we assume a flat mass ratio and differing binary fractions, ranging from zero (only single stars) to 1 (all stars have binary companions). Only in the cases of high binary fraction was the SGB significantly affected, shifting the stars to brighter magnitudes. For realistic binary fractious we found that the SGB is only marginally broadened by binaries, consistent with the more detailed simulations of Milone et al. (2009 -their Figs. 31 − 36) . The reason for this is the relatively low fraction of near-equal mass binaries in the clusters (10 − 15% - Milone et al. 2009 ). Due to the intrinsic brightness of SGB stars, low mass companions do not significantly contribute to the combined flux of a binary pair.
Due to the relatively short duration of the RC phase in stellar evolution, and the fact that RC stars are much brighter than their MS counterparts, binaries are not expected to have a large effect on the RC position or morphology. Only in the rare circumstance that a RC star has an RC star binary companion would the magnitude be significantly affected.
NGC 1846
We have carried out a similar analysis of the colourmagnitude diagram of NGC 1846, again focussing on the SGB and RC regions. The CMD of NGC 1846 is shown in Fig. 6 . As was the case for NGC 1806, different authors have suggested different age spreads for this cluster, with Milone et al. (2009) suggesting a spread of ∼ 250 Myr, Rubele et al. (2013) finding 330 Myr and Goudfrooij et al. (2011b) suggesting ∼ 600 Myr. We adopt a nominal isochrone of 1.4 Gyr for our analysis.
We carried out the same analysis as was done for NGC 1806, and the results are shown in Figs. 7, 8, 9 & 10. As was found for NGC 1806, the expected SGB morphology for an extended SFH (as inferred from the eM- Figure 1 . The CMD of NGC 1806 along with isochrones of ages 1.41, 1.58, and 1.86 Gyr, which span the width of the eMSTO. Stars identified as part of the SGB are highlighted in red. Note that the SGB stars do not span the same width in age as the eMSTO. The red box denotes the cut across the MSTO where the extended star-formation history is inferred from. STO region) is clearly offset from the observed distribution (Fig. 8) . The SGB morphology suggests a significantly lower age (∼ 1.4 Gyr) than that inferred from the eMSTO region (∼ 1.6 Gyr), and also a narrower age spread. The inferred age from the SGB is that of the youngest isochrone needed to match the eMSTO, which is 1.4 Gyr, similar to that found for NGC 1806.
From this we conclude that the SGB morphology is inconsistent with the presence of a significant age spread within the cluster. Additionally, from Figs. 9 & 10 it is clear that the RC position and morphology is also inconsistent with the inferred age spread from the MSTO, being best described by a single isochrone (an SSP).
As was the case for NGC 1806, we again note that we have not included the effects of binarity nor differential ex- Figure 3 . Analysis of the SGB of NGC 1806. The histogram shows the observed magnitude difference between each star identified as being part of the SGB and a nominal isochrone (chosen to be 1.44 Gyr). Vertical dashed lines show the expected magnitude difference of different isochrones, labelled in the panel. The dash-dotted (red) line shows the expected distribution of stars if the underlying distribution was an SSP convolved with the observational errors. The dash-dot-dot (blue) line shows the expected distribution adopting the parameters that best fit the eMSTO region (assuming that an age spread is the cause). All distributions shown are for the same number of stars in the SGB region (N = 41 in this case). Note that ages younger than 1.32 Gyr or older than 1.58 Gyr do not fit the RC morphology. The narrowness of the observed base of the RGB and RC location are inconsistent with significant age spreads within the cluster. The box shows the region from which the star-formation history of RC stars was inferred.
tinction (and also for the potential spread caused by stellar rotation), hence any observed spread is an upper limit to the intrinsic spread in the distribution. Additionally, there is likely some amount of stellar field star contamination in the used CMD.
We have also tested our results using different filter combinations (e.g., including F 555W ) based on new photometry, Milone et al. (in prep) , and find consistent results.
Our results are not in agreement with those reported by Rubele et al. (2013) who fit the SFH of NGC 1846 with the STARFISH code (Harris & Zaritsky 2001) and found that the CMD was best reproduced by an extended SFH. Their fit included the SGB and RC portions of the CMD, as well as the MSTO, so it could have found an inconsistency between the different CMD regions. The code, however, is weighted to regions with the most stars, hence was heavily weighted to the MSTO region of the CMD. Figure 7 of Rubele et al. (2013) clearly shows high χ 2 values for this cluster at the position of the RC, inferring that the best fitting extended SFH did not reproduce this region, consistent with what we have reported here. Mackey et al. (2013) have found evidence that NGC 1846 displays systematic rotation, similar in magnitude to the velocity dispersion of the cluster. One explanation for this phenomenon is that a dynamically colder "2nd generation" formed with a net rotation within an existing "1st generation" (e.g., Bekki 2010). However, since the cluster does not display any abundance variations (Mackey et al. in prep.) it is not possible to differentiate between the "1st" and "2nd generations" (only the "2nd generation" stars would be expected to show rotation in this model). Hence, it may simply be that the cluster as a whole rotates, with no relation to the eMSTO phenomenon or any potential age spreads within the cluster. Indeed, rotation may be a common property of massive clusters, and has been observed in young massive clusters, e.g., R136 and Glimpse-C01, Hénault-Brunet et al. (2012) and Davies et al. (2011) , respectively.
DISCUSSION AND CONCLUSIONS
The two clusters analysed in the present work (NGC 1806 & NGC 1846) display sub-giant branches (SGBs) and red clumps (RCs) that are significantly narrower and offset from what would be expected if age spreads of 200 − 600 Myr would be present within the clusters. The observed spreads Figure 8 . Analysis of the SGB of NGC 1846 (similar to Fig. 3 ). are in fact upper limits to the actual spreads, as we have not accounted for the affects of differential extinction (Platais et al. 2012) or binarity in our sample (or for the potential effects of stellar rotation). Li et al. (2014b) have found a similar behaviour in the CMD of NGC 1651, confirming that the lack of spreads in the SGB is common in clusters that display an eMSTO. Hence, our results are not consistent with the interpretation of age spreads being the cause of the eMSTO phenomenon, in contradiction with previous claims (e.g., Goudfrooij et al. 2011b; Rubele et al. 2013; Correnti et al. 2014) . Rubele et al. (2013) fit the star-formation history of two intermediate age clusters, NGC 1846 and NGC 1783, under the assumption that the eMSTO was due to an age spread. The authors used the STARFISH star-formation history code (Harris & Zaritsky 2001) which compares synthetic observations based on linear combinations of theoretical isochrones (plus errors) to the observations, performing a χ 2 minimisation. The authors report age spreads of 250 − 300 Myr for the two clusters. Much of the weight of the analysis comes from the MSTO region, due to the large number of stars in that phase, and a relatively low weight is applied to portions of the CMD with fewer stars (e.g., SGB, RGB, RC). However, we note that for both clusters, the best fit extended SFH fails to reproduce the morphology of the red clump (in particular in the F 435W − F 814W filters), in the sense that the models predict too many red RC stars. We also note that the position of the RC was not matched in the analyses of NGC 1806, 1846, 411, 1718 and 2203 by Goudfrooij et al. (2011a; , again calling into question the interpretation of large spreads within these clusters. This is similar to the results found in the present work. We will analyse the CMD of NGC 1783 in detail in a future work (Niederhofer et al. in preparation) .
Based on the SGB and RC locations (and also on the base of the red-giant branch), we infer that NGC 1806 and 1846 have younger ages than has been reported in the past, with the best fitting age from the SGB agreeing with the youngest age inferred from the MSTO region (see § A3 for a discussion of the degeneracies between age and metallicity in the CMD fitting of these clusters). Hence, it appears that some effect is causing stars to move red-ward in colour space at the MSTO. NGC 1651 displays the same behaviour, with an inferred age of ∼ 2 Gyr, suggesting that it is a general property of the eMSTO intermediate age clusters, and not an age effect (Li et al. 2014b ). This is the behaviour predicted if stellar rotation was the cause of the eMSTO (Bastian & de Mink 2009; Yang et al. 2013 ). At present, it is unclear how rotation will affect the SGB and RC, which we will leave to a future work. Goudfrooij et al. (2014) found a correlation between the fraction of blue/bright stars on the MSTO (i.e., young stars if interpreted as due to age effects) and the fraction of "secondary RC" stars to the main body of RC stars, i.e. stars that are bluer and fainter than the main red clump. The authors use this to argue for the presence of age spreads within their cluster sample, although, as shown here, the main body of the RC does not show evidence for age spreads. Goudfrooij et al. (2011 Goudfrooij et al. ( , 2014 have suggested that a correlation exists between the width of the eMSTO and the escape velocity of the cluster. However, this result depends heavily on large "correction factors" to change the current observed escape velocities to the "initial ones". Without these correction factors many of the clusters that display the eMSTO feature would have lower escape velocities than young clusters that have been shown not to have age spreads within them (e.g., Bastian & Silva-Villa 2013; Niederhofer et al. 2015) . The applied "correction factors" are based on a number of extreme assumptions. First, the models of cluster dissolution that are adopted are not appropriate to clusters in the LMC (e.g., the tidal field experienced by the model clusters is a Milky Way like Galaxy at 4 kpc from the galactic centre, unlike the much lower tidal field of the LMCe.g., Lamers et al. 2005) . Secondly, it is assumed that the clusters begin their lives tidally limited in order to maximise cluster mass-loss, whereas most clusters in the LMC/SMC that have been studied to date are not tidally limited (e.g., Glatt et al. 2011) . This means that cluster mass loss is in fact minimal, regardless of the initial state of mass segregation present in the cluster. Hence, realistic correction factors would be much smaller than those adopted in Goudfrooij et al. (2011b; and Correnti et al. (2014) .
We can also use the cluster population properties of the LMC to test the Goudfrooij et al. (2011b; scenario. While the current masses of the eMSTO clusters are similar to the most massive YMCs (e.g., NGC 1850 , 1866 and 1856 -Niederhofer et al. 2015 , Goudrooij et al. (2011; posit that the intermediate age clusters were much more massive (by a factor of ∼ 4) at birth (and also significantly denser). Based on size-of-sample effects (e.g., Gieles & Bastian 2008) we would expect that the SFR of the LMC was ∼ 4 times higher while the eMSTO clusters were forming (c.f., Maschberger & Kroupa 2011) . However, no such increase in the SFH, based on resolved stars, is seen from 1 − 2 Gyr ago relative to today in the LMC (e.g., Harris & Zaritsky 2009; Weisz et al. 2013) . The lack of increase in the SFH from 1 − 2 Gyr is consistent with the fact that the clusters in this age range would have been born with similar masses (at the upper end of the mass function) as that observed in the YMCs in the LMC today. As discussed above, the clusters are unlikely to be tidally limited so their current masses should be good approximations of the initial masses. This can be quantified by using the LMC cluster sample of Baumgardt et al. (2013) . There are nine clusters more massive than 5 × 10 4 M⊙ (a high value was taken to avoid any completeness limit issues) with ages less than 500 Myr, or 0.018 clusters/Myr. Taking the same mass limit but looking at the 1 − 2 Gyr age range, we find 15 such clusters, or 0.015 clusters/Myr, very similar to that found for the past 500 Myr. Hence, the cluster population suggests that the cluster formation rate, like the SFR derived from CMD analyses, was roughly the same for the past 500 Myr as it was from 1 − 2 Gyr in the LMC. Neither the SFH, based on resolved stars, nor the cluster population suggest an increase of a factor of ∼ 4 in the LMC from 1 − 2 Gyr relative to now, that would be expected in the Goudfrooij et al. (2011b; scenario. We conclude that it is unlikely that the eMSTO cluster had masses, hence escape velocities, significantly higher in the past. Girardi et al. (2009) studied at SMC intermediate age clusters, NGC 419, focussing on the RC morphology. They find that the MSTO is broader than would be expected from a nominal isochrone, and suggest an age spread of ∼ 500 Myr within the cluster. We note that the SGB appears to show the same morphology, i.e. clusters towards the youngest isochrones, as NGC 1806 and NGC 1846 studied here. However, the RC position is consistent with that expected for an older age, unlike that found for the clusters studied here.
Our results corroborate a number of other results from the literature, that have shown that age spreads of hundreds of Myr are not present within clusters. As discussed in the introduction, a number of studies have searched for evidence of ongoing star-formation, or large age spreads, within older (> 10 Myr) clusters, with none found (e.g., Perina et al. 2009; Larsen et al. 2011; Bastian & Silva-Villa 2013 , Bastian et al. 2013a Niederhofer et al. 2015) . Additionally, Cabrera-Ziri et al. (2014) used an integrated optical spectrum of Cluster 1 in NGC 34, a ∼ 10 7 M⊙, 100 Myr cluster, to estimate its star-formation history. The cluster was found to be well described by an SSP (i.e. no age spread was found), with upper limits of 10 − 20% of the cluster mass being made up of younger stars. The authors have extended this study by looking at a number of other massive 10 6 −10 8 M⊙ clusters, including UV and optical photometry in the analysis, and have not found evidence for extended SFHs (Cabrera-Ziri et al. in preparation).
Additionally, Bastian & Strader (2014) searched for gas and dust in 12 LMC/SMC YMCs, the presence of which is required if new stars are to form, and found none in any cluster, down to limits of < 1% of the stellar mass. Cabrera-Ziri et al. (2015) extended this analysis to study seven massive clusters (> 10 6 M⊙) in the Antennae merging galaxies, using the Atacama Large Millimetre Array (ALMA) to search for gas within the clusters (with ages of 50 − 250 Myr). No gas was detected within the clusters, with an upper limit of ∼ 8% of the stellar mass present in gas. Mucciarelli et al. (2008) searched for chemical spreads (expected if large age spreads exist, in particular if selfenrichment scenarios are invoked) in three LMC clusters that display the eMSTO phenomenon, and no abundance spreads were found. Mucciarelli et al. (2014) have extended this analysis to NGC 1806 (also studied in the present work) and again the authors have not found any abundance spreads. Finally, Mackey et al. (in preparation) have also searched for abundance spreads, targeting NGC 1846, and like for the other young and intermediate age clusters studied to date, no chemical spreads were found. While a lack of abundance spreads does not necessarily mean that age spreads cannot exist within the clusters, it does however require either 1) cluster/cluster mergers with different ages (although this would not lead to an extended MSTO, but rather a dual MSTO) or 2) that the cluster was able to remove stellar ejecta (e.g., the ejecta of AGB stars) at the same time as it was accreting primordial gas from its surroundings, and not have the two gas flows interact and mix. Hence, significant fine-tuning would be required.
Taken together, we conclude that age spreads are not the cause of the eMSTO feature found in many intermediate age (1 − 2 Gyr) clusters. Hence, alternative models, such as stellar rotation or interacting binaries should be investigated further. New alternative scenarios should also be encouraged and developed.
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APPENDIX A: TESTING THE ADOPTED METHODS
In order to test whether the age spreads derived from the eMSTO accurately reproduce the observations (i.e. whether the cut perpendicular to the MSTO is not affected by differing lifetimes of stars in that phase in the narrow mass range considered) we have performed a series of tests, which are discussed here. We note, again, that this technique has been used previously, namely in Goudfrooij et al. (2011a,b; .
A1 Synthetic Distributions
First we created a synthetic population of stars with an age spread similar to the ones inferred from the perpendicular cut across the eMSTO for NGC 1806 and NGC 1846. For this we adopted the same isochrones used to analyse the observations (same metallicity), assumed a Salpeter (1955) stellar initial mass function, and created a population with a Gaussian age spread with a peak at 1.59 Gyr and a dispersion of 136 Myr. No extinction was added to the data. Additionally, we adopted the same distance modulus used for NGC 1806.
We then ran this synthetic distribution through the same procedures used in the present work. The results are shown in Figs. A1−A5. We find that the peak of the age distribution is well recovered, and that the dispersion found in the analysis techniques results in a slightly (∼ 10 − 20%) smaller dispersion than is input. Hence, we are slightly underestimating the actual age spread within the cluster using the analyses technique of cutting across the eMSTO. However, as can be seen in Figs. A1−A5, such an age spread would easy be detected in the morphologies and positions of the SGB and RCs.
We have run the above tests for a number of ages between 1 and 2 Gyr and age dispersion of 100 − 150 Myr and found consistent results. However, for ages of ∼ 1.8 Gyr and above it is difficult to infer short age dispersions using the techniques used here. Age spreads can still be recovered, however their actual extent becomes highly uncertain. This is discussed in detail in Keller, Mackey & Da Costa (2011) . Figure A3 . The same as Fig. 3 but now for the synthetic population. Figure A4 . The same as Fig. 4 but now for the synthetic population. 
A2 STARFISH SFH Fitting
In addition to the synthetic cluster experiments discussed above, we have also fit the observed CMDs of NGC 1806 and NGC 1846 with the STARFISH (Harris & Zaritsky 2001) star-formation history code. This is the same technique which was used by Rubele et al. (2013) . We adopted the same isochrones as used in the other analyses performed in the current work; adopting the same metallicity, distance modulus, and extinction as before.
This STARFISH code finds the best-fitting model by creating linearly combined synthetic CMDs of simple stellar populations (i.e. single isochrones) and comparing them to the data. We used isochrones between 8.70 log(t/yr) 9.48, logarithmically spaced in steps of 0.03. As with the previous experiments, we adopt a Salpeter (1955) stellar IMF.We created an analytical model for the observational errors, assuming an error for the brightest stars in the clusters of about 0.01 which increases exponentially to 0.04 at a magnitude of about 24 in the F435W band. Furthermore, we assumed a binary fraction of 0.3 for both clusters. In order to compare directly with the adopted SFH based on the cut along the MSTO, we restricted the STARFISH fitting to a region around the MSTO. We chose boxes with the following limits: 0.5 F 435W − F 814W 1.5 and 19.5 F 435W 22.00.
The results for NGC 1806 and NGC 1846 are shown in Figs. A6. The histogram shows the derived SFH from STARFISH while the dashed (blue) lines show the adopted distribution based on the cut across the eMSTO. We find good agreement between the two methods, hence the analysis performed in the current work is able to provide a reasonable estimate of the potential age spread along the MSTO. It is this potential age spread that has been tested against the morphology and position of the SGB and RC. In both regions we do not find evidence for such age spreads.
In order to test whether other combinations of age and metallicity can successfully reproduce the observed cluster CMDs, in Fig. A7 we show isochrones (Marigo et al. 2008) of various ages (1.32, 1.44, 1.58 and 1.9 Gyr) and metallicities (Z = 0.006, Z = 0.008, Z = 0.010) focussing on the position of the red clump. Additionally, we show the data of NGC 1806. We adopt the same distance modulus and extinction for NGC 1806 as used in the text ( § 2 & 3.1). The metallicity range shown is the same as the uncertainties for this cluster (and all clusters) in the sample of Goudfrooij et al. (2011a Goudfrooij et al. ( ,b, 2014 based on their analysis of the CMDs. As can be seen, no combination of age and metallicity can fit the position of the RC for metallicities of Z = 0.006 and Z = 0.010 (for the adopted values of extinction and distance modulus).
We have also investigated whether such metallicities can be consistent with the data if we also allow the distance modulus and extinction to vary. Based on the compact morphology of the RC, the age of the population is constrained to > 1.25 Gyr for the metallicities considered here. In each case we adjusted the extinction and distance modulus to best match the position of the RC and the main sequence, for ages between 1.25 Gyr and 2 Gyr. The results are shown in Figs. A8 and A9, for isochrones with Z = 0.006 and Z = 0.010, respectively. For the case of Z = 0.006, the best fitting parameters are AV = 0.2 and distance modulus= 18.38. This distance modulus would put NGC 1806 ∼ 3.5 kpc in front of the main body of the LMC. For this choice of metallicity, we see that the RC is best fit with an age of ∼ 1.4 Gyr, which is the same as the blue side of the eMSTO. This is the same as found (in § 4) for the case of Z = 0.008. However, in the Z = 0.006 case the SGB is best described by an isochrone of age of ∼ 1.5 Gyr, slightly older than that found for the blue side of the eMSTO and position of the RC.
For the Z = 0.010 isochrones, the best fit is obtained for an AV and distance modulus of 0.03 and 18.38, However we note a mis-match between the isochrones and the observed main sequence at faint magnitudes, which increases for fainter stars. However, if the Z = 0.010 isochrones are adopted, the position of the RC is still best reproduced by the youngest isochrone needed to explain the eMSTO (∼ 1.38 Gyr). In this case, the SGB is also consistent with a single isochrone, but one that slightly older than that needed to explain the RC (∼ 1.54 Gyr for the SGB compared to 1.38 Gyr for the RC and bluest part of the eMSTO).
We conclude that the ages derived for the clusters in this work based on the position and morphology of the SGB and RC do not suffer from a metallicity degeneracy, and that the SGB and RC are consistent with a single isochrone for all metallicities considered. For metallicities slightly higher or lower than that adopted, the position of the RC still is best fit by the isochrone that best reproduces the blue side of the eMSTO. However, in both cases (Z = 0.006 and Z = 0.010) the derived age based on the SGB is slightly older than that of the blue side of the eMSTO and the RC. Regardless of the adopted metallicity, the observed positions and morphologies of the SGB and RC are inconsistent with the large age spreads inferred from the eMSTO. This paper has been typeset from a T E X/ L A T E X file prepared by the author. The ages shown are 1.2, 1.32, 1.44, 1.58 and 1.90 Gyrfrom left to right (or top to bottom on the SGB). However, if this metallicity is adopted the RC is still best reproduced by the youngest isochrone needed to explain the eMSTO.
